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ABSTRACT 
Vision plays an important role in the task of hitting a baseball. Stereoacuity is an 
essential visual skill for batting. We asked the question: is stereoacuity affected by a 
batter's head position? The Howard-Dolman apparatus was used to determine a 
threshold of stereoacuity. The stereoacuity of thirty subjects was tested in four different 
head positions: primary position (eyes facing straight ahead with no head turn), head turn 
(still seeing with both eyes), head tilt (habitual batting stance), and finally monocular 
viewing. Our results indicate no significant changes in stereoacuity were found between 
primary position, head tum, and head tilt. There were significant differences when 
comparing the monocular head position to primary position, head tum, and head tilt. 
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INTRODUCTION 
Baseball is a visually demanding task. The batter must focus on the pitcher's release and 
at the same time suppress peripheral visual cues including infielders, outfielders, and 
screaming fans. Curve balls, sliders, knuckle balls, change-ups, and multiple kinds of 
fastballs all have one thing in common. Each appears different to hitters. The ball's 
speed, spin, and location are also different and present challenges to players. Cognition 
and processing of different pitches needs to take place in 25 ms in order to choose an 
effective swing pattern. (ref 1) Amazingly, with these many obstacles stacked against 
baseball hitters, some are able to hit well, consistently. By hitting well, we mean 30% is 
considered an amazing statistic for the life of a baseball player. Only hitting three out of 
ten times would most likely place a hitter in the baseball hall of fame. Many factors play 
a role in a hitter's ability, such as muscle coordination, timing, and practice. However, a 
crucial aspect in the flow of a batters swing is his ability to see and judge the balls 
location and direction. If you are a baseball fan, played baseball or are an astute 
observer, you may have noticed baseball players have different stances and head 
positions while batting. The many different batting stances and head positions may affect 
how the eyes perceive the ball. Some players may have both eyes squarely facing the 
pitcher, others may have their head tilted causing the eyes to be in a different position and 
some my have their head so tilted that it appears they have a monocular view of the 
incoming pitch. Again, different head positions give different images of the ball. 
Therefore, we asked: is stereoacuity affected by a batters head position? 
Monocular and Binocular cues together construct the backbone of depth perception. 
Monocular cues include size, linear perspective, and overlap. Monocular clues aid in 
increasing a final depth judgment, however, they act separately from binocular depth 
perception (stereopsis). Stereopsis is the perception of three-dimensional visual space as 
a result of binocular disparity clues. Only binocularity will allow a subject to detect 
minute differences in distance between two objects in space. Thus, stereopsis represents 
the highest level of binocular vision. (ref 2) 
In 1919 Captain Harvey Howard tested binocular depth perception (stereopsis) of 
aviators using a tailored version of a device devised by Brooksbank James. The 
mechanism and method Howard developed has been customized, by Captain Percival 
Dolman. (ref 3) The device limits monocular cues of depth perception by maximizing 
equal illumination and shading. Also, by avoiding superimposition, parallax, and 
limiting size changes, the apparatus confines monocular cues to a negligible amount. The 
original device has often been used to establish threshold binocular stereopsis in various 
clinical and experimental studies. (ref 4,5,6,7) "Stereoacuity can be measured by 
comparing the relative distance of two objects in free space, such as in the tradition 
Howard-Dolman peg test, which is designed for far point measurements." (ref2) 
Research indicates that the original technique and device Howard utilized, in 1919, is 
superior, however, more time consuming than the more recent versions. (ref 8) Our study 
uses the original device, with some modifications to the methods in order to establish a 
stereoacuity threshold. 
There have been some studies relating head position and stereoacuity. The inspiration for 
this thesis came from a previous study conducted by Dhaliwal, Lathrop, and Nguyen. (ref 
9) They studied head tilt and stereopsis with golfers using a modified Howard-Dolman 
apparatus. They concluded that stereoacuity was diminished with the natural head tilt 
used by most golfers when putting. It is recognized that head tilt causes a misalignment 
of the two eyes with respect to the horizontal plane resulting in reduced binocularity and 
causing a vertical misalignment. This most likely is related to Panum's fusional area, 
which allows two misaligned points on the retina to be viewed as one image. Because 
Panum's fusional area is larger horizontally than vertically, two points that are 
misaligned horizontally are more easily fused than two points that are misaligned 
vertically, as in the case of a head tilt. Studies have found that stereopsis is affected by 
vertical phoria and cyclotorsion, which are consequences of head position. (ref 10, 11) 
Postural and vestibular cues may also affect stereopsis. Such as turning or kinking of the 
neck. Our study challenges the null hypothesis that stereopsis will not be significantly 
affected by head position. 
METHODS 
We tested the stereoacuities of thirty subjects at 6 m distance from the HD apparatus 
(figure 1). The HD was placed at a height of 136 em. This HD device consists of two 
black rods incased in a box with an aperture at the front that enables the subject to view 
the rods. The rod to the subject's right is stationary at the zero position and the rod on the 
left is movable and glides parallel to a mini ruler. The experimenters would slide the 
movable rod in front or behind the fixed rod based on the viewer's responses, comparing 
the relative position of the two rods to determine the stereoacuity. Our protocol was to 
evaluate the stereoacuities of our subjects in four different head positions. Before the 
trials were performed, the subject was first examined for distance visual acuities of at 
least (20/20) right eye, left eye and both eyes, adequate near stereoacuity on the polarized 
Wirt Circles (forty seconds of arc), pupillary distance was measured, age, dominant eye, 
and cover test was taken at distance and near to rule out any strabismus (see entrance 
form in appendix C). If strabismus, reduced stereo acuities, or reduced visual acuities 
were found, the subject was disqualified. Next, the subject was placed six meters away 
from the apparatus, which is the standard test distance for the HD (ref2). We then tested 
30 subject' s stereoacuity using four different conditions: primary position (eyes facing 
straight ahead with no head turn), head turn (still seeing with both eyes), head tilt 
(habitual batting stance), and finally monocular viewing. The order of the four positions 
was selected at random to eliminate a learning curve associated with viewing the 
apparatus repeatedly in the same head position. We tested each subject using a flash 
presentation teclmique. The aperture was covered with a white sheet of paper and the 
movable peg was placed either in front or behind the fixed peg. The viewer had 2 
seconds to respond if the left peg was closer or further away from them than the fixed 
peg. If we had placed the movable peg behind the fixed peg and the subject reported 
"further away" we proceeded to move the movable peg 1 em closer to the subject. For 
example, if the movable peg was started at 9.5 em behind the right peg, the viewer was 
presented the pegs and replied "further away"; the peg was then moved to 8.5 em behind 
and again presented; then to 7.5 em behind and so on until a "in front of' response was 
reported and thus, a stereoacuity threshold found. Since the fixed peg is at zero em and 
the movable peg was always placed at 8.5, 9.5, or 10.5 in front, or behind the fixed peg, 
the best possible response was .5cm away from the fixed peg. The entire sequence was 
then randomly repeated two more times, one more time from the front moving backward, 
and one more time from the back moving forwards. This sequence was repeated for all 
four head positions. From these values, an average stereoacuity for each position could 
be obtained. (see Appendix A for a sample calculation and Appendix C for pictures of the 
apparatus and head positions) 
RESULTS 
Mean stereoacuities were 5.9" for the control, 5.0" for head tilt, 5.5" for head turn, and 
11.4" for monocular. Standard deviations for each group were 6.1" for the control, 4.4" 
for head tilt, 4.9" for head turn, and 9.1" for monocular. 
An analysis of variance was performed with a Scheffe F-test at a 90% level of 
significance. Differences in stereoacuities were not found to be significantly different 
among the control vs. tilt groups (.225), the control vs. turn groups (.064), and the tilt vs. 
turn groups (.048). Differences were, however, significant between the control, tilt, and 
tum groups when compared to the monocular group. F-test scores were 6.915, 9.632, and 
8.315, respectively, when compared to the monocular group. 
Collected data and results of the statistical analysis can be found in Appendix B. 
DISCUSSION AND CONLCLUSION 
The results of this study suggest that stereopsis is not affected by head tilt or head turn 
when viewing a stationary target at 20 feet. There is, however, a significant change in 
stereopsis when the subject is monocular while viewing the target. Batters would be well 
advised to tum their heads toward the pitcher to ensure a binocular view of the ball while 
hitting, as this insures better stereopsis. 
Dhaliwal, Lathrop, and Nguyen did find a significant difference when comparing head 
turn and head tilt to a control in their previous study. Perhaps golfers have a more 
pronounced head tilt while putting, or perhaps looking down in addition to tilting one's 
head decreases stereopsis to a more significant degree. 
It must be noted that the amount of head tilt was not measured for this study, and it is 
recognized that the level of head tilt may affect stereopsis. Also, a stationary target was 
used for the testing; a moving target was impractical for our purposes. Again, there may 
be changes to stereoacuity if using a moving target. 
In conclusion, head tilt and head turn had no noticeable affect on stereoacuity when 
measured in stances often used by baseball players. Losing binocularity, however, had a 
large impact. Whether this data translates to a fast moving baseball target would require 
further study. 
Appendix A 
SAMPLE CALCULATION: 
PD= 6 em First "in-front" response = 2.5cm in front 
61 Ocm( fixed peg) - - ---.. 
tan A = 6/610 
607. 5cm("in-front")---&.. A= 0.563547° 
tan B = 61607.5 
B = 0.565866° 
Observer -------- rr---- - ---1'1 
Observer PD=6cm 
Difference between angles A and B = 0. 002319° 
(Just noticeable difference in depth perception between the pegs) 
Stereoacuity: 0.002319° X 3600" 8.4" 
APPENDIXB 
DATA AND STATISTICAL ANALYSIS 
Control Tilt Turn Mono 
-x1- •X2- -xa- -x4-
1 4.10 4.10 .60 .60 
2 .60 .60 4.00 5.70 
3 15.10 10.70 18.40 19.50 
4 .60 .60 7.80 7.30 
5 18.50 4.20 9.00 25.50 
6 .60 3.00 9.90 8.60 
7 4.00 9.50 4.00 18.50 
8 6.20 1.70 1.70 5.10 
9 2.20 2.90 1.70 7.70 
10 3.90 3.30 2.20 3.30 
11 .60 8.00 .60 9.10 
12 12.50 12.50 15.70 17.90 
13 11.10 3.00 2.20 13.30 
14 .60 6.10 3.80 7.10 
15 1.80 .60 5.30 4.10 
16 .60 1.90 6.80 .60 
17 1.90 .60 1.90 8.30 
18 7.40 6.20 6.20 4.00 
19 1.70 1.70 2.80 5.10 
20 4.10 2.90 4.10 12.20 
21 6.30 1.70 4.00 15.40 
22 12.30 5.30 8.80 21.30 
23 10.50 11.60 2.80 37.50 
24 4.20 4.20 1.80 .60 
25 1.70 7.60 7.60 24.70 
26 19.20 20.30 19.20 20.30 
27 2.90 2.90 1.80 1.80 
28 20.50 3.00 5.30 15.90 
29 .60 2.80 .60 .60 
30 2.90 6.40 2.90 20.20 
X1: Control 
Mean: Std. Dev.: Std. Error: Variance: Coef. Var.: Count: 
15.973 I 6 . 1 08 11 . 115 137.307 1102.253 130 
Minimum: Maximum : 
. 6 20.5 179 .2 
X2: Tilt 
Mean: Std. Dev. : Std. Error: Variance : Coef. Var.: Count: 
14.997 14.402 1.804 119.375 188.092 130 
Minimum: Maximum: 
.6 20.3 149 .9 
X3: Turn 
Mean: Std. Dev.: Std. Error: Variance : Coef. Var.: Count: 
15.45 14.943 1.902 124.431 190.693 130 
Minimum: Maximum: 
.6 19.2 163 .5 
X4: Mono 
Mean: Std. Dev.: Std. Error: Variance: Coef. Var.: Count: 
111.393 19.147 11.67 183.666 180.283 130 
Minimum: Maximum : 
.6 37.5 341 .8 
One Factor ANOV A-Repeated Measures for X 1 ... X4 
Source: d f: Sum of Squares: Mean Square: F-test: P value· 
Between subjects 29 2930.674 101.058 3.431 .0001 
Within subjects 90 2650.785 29.453 
treatments 3 802.877 267 .626 12 .6 .0001 
residual 87 1847.908 21.24 
Total 11 9 5581.459 
Reliability Estimates for- All treatments: .709 Single Treatment: .378 
One Factor ANOV A-Repeated Measures for X 1 ... X4 
G roup: c ount: Mean: d D St . ev.: Std . Error: 
Control 30 5.973 6.108 1 . 11 5 
Tilt 30 4.997 4.402 .804 
Turn 30 5 .45 4.943 .902 
Mono 30 11.393 9.14 7 1.67 
One Factor ANOVA-Repeated Measures for X 1 ... X4 
c omparison: Mean I .. Fisher PL s D: s cheffe F-test: Dunnett t: 
Control vs. Tilt . 977 1.978 .225 .821 
Control vs . Turn .523 1.978 .064 .44 
Control vs. Mono -5.42 1 .978* 6.915* 4.555 
Tilt vs. Turn -.453 1.978 .048 .381 
Tilt vs. Mono -6.397 1 .978* 9.632* 5.375 
* Significant at 90% 
One Factor ANOVA-Repeated Measures for X1 ... X4 
Mean Diff.: Fisher PLSD: Scheffe F-test: Dunnett t: 
-5.943 1.978* 8.315* 4.995 
• Significant at 90% 
Appendix C 
Howard-Dolman Apparatus Control Position 
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Head Turn Position Head Tilt Position 
1. Subjects Name: 
2. Age: 
3. Handedness: 
4. Dominant Eye: 
5. Entering Visual Acuities: 
6. Near Stereoacuity (Polarized Wirt circles): 
7. Pupillary Distance: 
8. Cover Test: 
9. Control (Standing Straight On): 
10. Habitual Stance With Head Tilt: 
11. Head Turn (Seeing With Both Eyes): 
12. Monocular: 
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